Abstract -This paper deals with PIC -Parallel Interference Cancellation with and without the IS1 Cancellation System -Commutation Signaling (CS), in a deep Rayleigh fading environment, time and frequency selective, assuming the spreading sequences and the features of the channels of the several interfering users is known. It is proved that PIC lead to good profits especially when the CS technique is used together, because these systems subtract the MAI estimated for each user. These estimates improve when the IS1 is cancelled, since the MAI estimated depends upon the estimate of the transmitted symbols by each interfering user. Additionally, it considers the blind detection (without knowledge of spreading sequences nor the features of the channels of the interfering users) with a Noise Whitening Matched Filter (NWW) that combats the MA1 through the whitening of the interfering power spectrum (following the single-user philosophy).
INTRODUCTION
Wireless Communications needs to provide high data rates, low delays, high net capacity and flexibility in services. The Direct Spreading -Code Division Multiple Access OS-CDMA) technology is an important ingredient to reach this convergence once multi-user detectors and IS1 cancellation systems are developed. A large amount of research has been undertaken in the area of the Multi-User Detectors with DS-CDMA technology. It is mainly used by base stations (uplink), where it is possible to estimate the features of the channels and to know the spreading sequences of interference users, However, the trend of the telecommunications is to become more and more asynchronous with higher rhythms of transmission in the downlink than in the uplink. This is necessary for services like Intemet, Data Base Access, Multimedia, etc. To obtain this, it is important to study mobile receivers intensively so as to combat the several sources of interference. The Intersymbol Interference (ISI) tends to increase with the increase in the symbol rates. To combat the ISI, this paper improves the IS1 Cancellation System, named Commutation Signaling, which is a DS-CDMA technique.
Many studies have been developed in order to cancel the MA1 generated by users located in the same cell. Although, in DS-CDMA networks, about 35% of MAI comes from adjacent cells which degrade the performance/capacity of the network, even if we cancel the same cell MAI. The most problematic situation occurs in the downlink direction. Because of new services, the quantity of information in downlink tends to be much higher than in the opposite direction, as well as the binary debits and consequently the amount of IS1 and MAI. One technique widely used to decrease MAI consists of using "activity detection". For voice it is about 40% for each direction, but for data it reaches much higher values and is expected to reach 80% in downlink. This work considers a DS-CDMA cellular network with BSs asynchronous between them in the downlink direction with 384 kbit/s (QPSK) or 192 kbit/s (BPSK). The MAI that we intend to cancel is the one originated by adjacent BS's. It considers PIC -Parallel Interference Cancellation with and without the IS1 Cancellation System -Commutation Signaling, in a deep Rayleigh fading environment which is time and frequency selective, assuming known the spreading sequences and the features of the channels of the several interfering users. Additionally it considers the blind detection (without knowledge of spreading sequences nor the features of the channels of the interfering users) with a Noise Whitening Matched Filter (NWMF) that combats the MAI through the whitening of the interfering power spectrum (single-user philosophy).
The outline of the paper is as follows: section I1 presents the system models for DS-CDMA, Commutation Signaling systems, PIC and NWMF, section I11 presents the performance analysis for the proposed systems and section IV presents the conclusions.
II.

SYSTEM MODELS
DS-CDMA
This work looks at a DS-CDMA cellular network [3,4], with BSs asynchronous between them in the downlink direction. There is only one user in the reference cell receiving from the BS with the maximum binary debit and taking into account the MAI caused by users located in adjacent cells (interfering BS because it is in the This work was supported by FCT (Funda~so para a CiCncia e Tecnologia) Nb, being the number of bits of the sequence, K the number of users, L the number of multipaths, bL E E are the transmitted data symbols in the interval n, CkJ the complex gain of the multipath 1 of the user k and during the interval n, &(t) the spreading sequence of the user k, t k the delay introduced by the modulator of the user k, and t k J the delay of the path 1 of the user kk E [o, D, 3).
It is considered that the used spreading sequences are short and normalised in a way that: 
m, being the cancellation order, A, the received amplitudes of the several users (i=l to K, i#k) and g, the spreading sequences of the interfering user i. In each cancellation level, it inputs the estimates of the received signal, without MAI from the anterior level, so as to produce an estimate of the MAI at the output, which will then be subtracted. A technique which is used here consists of subtracting only a part of the MAI estimated (coefficient between 0 and 1). In each level of subtraction, the percentage of MA1 subtracted is increased as the order of subtraction increases, i.e., as the precision of the MAI estimated increase.
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Noise Whitening Matched Filter 0
Using the single-user strategy, the proposed detector [5, 11] rejects the MAI through the whitening of the received interfering power spectrum. This is done in a different way to PIC because it is not necessary to know the spreading sequences of the interfering users, nor is it necessary to estimate the complex coefficients of their channels. It can also be used with long sequences, multicode or variable processing gains. Because of this, the NWMF is less complex than PIC and can be implemented with lower dimensions, less battery use and lower delays in signals.
Through the central limit theoEm, the MAI tends to be a
Gaussian random process when the number of interfering users is high enough, with high processing gains, and with random chip delays. In this situation the maximisation of S N R leads to minimisation of error probability. Yet, even when MAI is not a pure Gaussian process, the maximisation of S N R will lead to a gain in the error probability. This will happen as long as MAI to be a Gaussian process. The proposed detector 15,111 consists of a modification of the conventional matched filter and transforms the coloured gaussian noise into a white gaussian noise, through the whitening of the interfering power spectrum. 
III. PERFORMANCE RESULTS
The following results were obtained, some analytically and some with Monte-Carlo simulations. A multipath frequency selective fading channel was used first with only one user (to show the effectiveness of Commutation Signaling) and then with six interfering users (to show the effectiveness of MA1 cancellation systems). The work done was developed for both BPSK and QPSK. Due to the fact that this paper has been limited to a few pages, only the results for BPSK are shown. For the PIC (graphs of figures 3.2 and 3.3) it was considered that only the MAI of the two most powerful interfering users were cancelled, since the mobile keeps communications with these two base stations (due to handover purposes). The results in this graph were obtained taking into account that the number of fingers of the Commutation Signaling were enough to cancel the ISI. For Pp128, the same channel profile was considered i.e., a binary debit 8 times lower than the debit considered for Pp16. It can be shown that the performance with Commutation Signaling is much better than without, since it combats the 11s. It is also shown that CS is not sensitive to an increase in the processing gain, provided in both cases the number of fingers are enough to cancel ISI. The graph of figure 3 .1 considers the use of a Rake Receiver together with the CS, which has the advantage of recombining the energy dispersion occurring only with the use of the CS. PIC is used to subtract two or three times the MAT estimated because this estimation increases with the order of subtraction, i.e., the second estimation of the MA1 is more precise than the first because it is based on the decision of the previous order.
As shown in figure 3 .2, the use of subtractive coefficients different to the value one (1) improves the performance because when the precision of the estimation is low it is preferable to subtract only one part of the estimation, instead of subtracting all the estimated MAI.
In figure 3 .3, the graph shows the simulated results for the PIC with and without Commutation Signaling. The use of Commutation Signaling improves the performance since the precision of the estimation of the h4AI is improved. As for two levels of cancellation, the use of growing subtractive coefficients leads to a better performance with the use of two levels of cancellation. For the proposed system, the coefficients shown 0-7803-57 18-3/00/$10.00 02000 IEEE.
(0.3/0.5/0.7) were the ones that led to a better performance. The graph of figure 3 .4 presents the simulated and analytical results obtained with and without NWMF for AWGN channel, with six asynchronous interfering users @=6) and with perfect power control. It is shown that the use of NWMF in an AWGN channel with perfect power control leads to a better performance due to the whitening of the interfering power spectrum. Yet, the proposed NWMF is based on the observation of the waveform of only one bit interval and it does not take into account the ISI. The described NWMF is not efficient when in the presence of ISI. Yet, for high processing gains the IS1 can be neglected and it is expected that the processing gain does not need to be so high when the Commutation Signaling is used. The above detector is also indicated to be useful in systems where there is perfect power control [ 1 13. If there is no power control, even in the presence of an AWGN channel, it leads to poor performance. This conclusion was not shown graphically in this paper but was part of the work done and was shown in [ 1 13.
IV. CONCLUSIONS
In this paper it was proved that the Commutation Signaling is effective in cancelling the IS1 and transforming IS1 (multipath phenomena where the channel presents frequency selectivity), in an effort similar to multipath phenomena where the channel does not present frequency selectivity (signal bandwidth lower than channel coherence bandwidth, i.e., flat fading). Additionally it has been proved that this system is insensitive to gain processing variations, for processing gain values higher than the minimum for which the number of fingers of the CS is enough to cancel the ISI. It was also proved that Subtractive Interference Cancellation Systems -PIC -lead to good profits, especially when the CS technique is used together because these systems subtract the MAI estimated for each user. As the MAI estimated depended on the estimate of the transmitted symbols by each interfering user, these estimates were improved when the IS1 was cancelled.
In this paper the blind detection (without knowledge of spreading sequences nor the features of the channels of the interfering users) with a Noise Whitening Matched Filter (NWMF) that combats the MAI through the whitening of the interfering power spectrum (following the single-user philosophy), with and without the IS1 cancellation system -CS was considered. It was shown that the use of this NWMF in an AWGN channel and with perfect power control, leads to a better performance. Although, the proposed NWMF is based on the observation of the waveform of only one bit interval, it does not take into account the ISI, and hence the performance of this detector in the presence of IS1 is worse than with a conventional matched filter for low processing gains (Pp16, which is the case study).
Because for high processing gain the IS1 can be neglected, this detector tends to introduce a gain, even in the presence of ISI. It is expected that by using Commutation Signaling the processing gain does not need to be so high for this NWMF to introduce an improvement of performance. This could be dealt with in future research.
